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invention originally claimed for the following reasons: claims 
10 7-109 are drawn to original Group IX, claims 37-39, drawn to 
a therapeutic agent comprising said antibody and cytotoxic agent, 
classified in class 424, subclass 138.1. The Examiner Stated 
that claims 110-112 are drawn to original Group X, claims 39-45, 
drawn to a method of detection using said antibody and 
composition comprising said antibody and carrier (or 
radioisotope), classified in class 435, subclass 7.1. 

The Examiner stated that since applicant has received an action 
on the merits for the originally presented invention, this 
invention has been constructively elected by original 
presentation for prosecution on the merits. The Examiner stated 
that claims 107-112 are withdrawn from consideration as being 
directed to a non-elected invention and cited 37 CFR 1.142(b) and 
MPEP § 821.03. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have hereinabove canceled claims 107-112 without 
prejudice to their right to pursue the subject matter of these 
claims in a later-filed application. Moreover, applicants 
respectfully request the examination of newly added claims 123- 
126. Newly added claim 123 recites as follows: A composition of 
matter comprising the antibody of any one of claims 114-121 and 
an agent conjugated to the antibody. Newly added claim 124 
recites as follows: The composition of matter of claim 123, 
wherein the agent is a radioisotope or toxin. Newly added claim 
125 recites as follows: A composition comprising a carrier and 
the composition of matter of claim 123. Newly added claim 126 
recites as follows: A method of imaging prostate cancer in a 
subject which comprises administering to the subject the 
composition of matter of claim 123, wherein the agent is an 
imaging agent under conditions permitting formation of a complex 
between the composition of matter and prostate specific membrane 
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antigen, and obtaining an image of any complex so formed. 
Applicants contend that there is no additional burden on the 
Examiner to examine these claims since they al center around 
applicants' discovery of an antibody which binds to prostate 
specific membrane antigen polypeptide. Accordingly, applicants 
respectfully request that the Examiner reconsider and withdraw 
this ground of objection and examine claims 114-126. 

Rejection under 35 U>S.C> 102(b) 

The Examiner rejected claims 98 and 105-106 under 35 U.S.C. 
102(b) as anticipated by Feng et al 1991. The Examiner stated 
that Feng et al discloses of an isolated PSM antigen with a 
molecular weight of 100 kda and a monoclonal antibody which 
reacts with said antigen. 

The Examiner stated that applicant's arguments filed 6/17/99 have 
been fully considered but they are not persuasive. The Examiner 
stated that applicant argues that the declarations of Kaladas, 
Rodwell, and Horoszewicz establish that the Feng reference is not 
enabling due to the lack of public availability of the 7E11-C5 
hybridoma cell line. The Examiner stated that however, the 
102 (b) statute above clearly states that if the invention was 
described in a printed publication or in public use, the statute 
would apply. The Examiner stated that it is not required that 
the invention be described and be in public use. The Examiner 
stated that regarding Applicant's arguments that the disclosure 
of the specific 7E11-C5 antibody should not anticipate a genus 
claim, since the Patent Office does not have the facilities for 
examining and comparing applicant's proteins with the proteins 
of the prior art reference, the burden is upon applicants to show 
an unobvious distinction between the material structural and 
functional characteristics of the claimed proteins and the 
proteins of the prior art. The Examiner Stated that see In re 
Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and In re 
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Fitzgerald et al . , 205 USPQ 594. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have hereinabove canceled claims 98 and 105-106 
without prejudice to their right to pursue the subject matter of 
this claim in a later- filed application and added new claims 114- 
126. 

The Examiner has maintained his rejection of the claims under 35 
use §102 (b) . However, applicants respectfully submit that the 
public was not in possession of applicants claimed invention, 
i.e. an antibody which binds to prostate specific membrane 
antigenic polypeptide, before their effective filing date. 

Declaration of Julius S. Horoszewicz Under 37 C.F.R. ^1.132 
The Declaration of Julius S. Horoszewicz ("Horoszewicz") 
establishes the following: 

1) Julius S. Horoszewicz did not make publicly available the 
7E11-C5 hybridoma cell line or the 7E11-C5 monoclonal 
antibody prior to November 10, 1992. 

2) The only persons who had either the 7E11-C5 hybridoma cell 
line or the 7E11-C5 monoclonal antibody were (a) employees 
or agents of Cytogen, or (b) persons who received them 
under an agreement with Cytogen restricting their use. 

Declaration of John D. Rodwell, Ph.D. Under 37 C.F.R. ^1.132 
The Declaration of John D. Rodwell ("Rodwell") establishes the 
following : 

1) Cytogen received the 7E11-C5 hybridoma cell line after 
signing an exclusive license agreement with Julius S. 
Horoszewicz on April 20, 1989 with respect to the 7E11-C5 
hybridoma cell line or the 7E11-C5 monoclonal antibody. 

2) Cytogen did not distribute the 7E11-C5 hybridoma cell line 
to any person or entity prior to November 10, 1992. 
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3) Cytogen did not distribute the 7E11-C5 monoclonal antibody 
to any person or entity other than Eastern Virginia Medical 
School prior to November 10, 1992. Eastern Virginia 
Medical School received the antibody pursuant to a 
restrictive agreement . 

Second Declaration of Paul Kaladas, Ph.D. Under 3 7 C.F.R. ^1.132 
The Second Declaration of Paul Kaladas ("Kaladas 2"), attached 
hereto as Exhibit A , establishes the following: 

1) Neither the 7E11-C5 prostate carcinoma associated antigen 
nor a nucleic acid encoding it had been isolated or 
characterized prior to the publication of the Feng et al . 
abstract . 

2) Feng et al does not enable one skilled in the art to make 
the 7E11-C5 antibody per se . 

3) In order to make an antibody having the properties of the 
7E11-C5 antibody, one skilled in the art would need 
purified 7E11-C5 prostate carcinoma associated antigen. 

4) To obtain purified 7E11-C5 prostate carcinoma associated 
antigen, one skilled in the art would need to have either: 

a) an antibody such as the 7E11-C5 antibody; 

b) a hybridoma cell line such as the one which produces 
the 7E11-C5 antibody; or 

c) a nucleic acid encoding the 7E11-C5 prostate carcinoma 
associated antigen . 

4) The following were not available prior to November 5, 1992: 

a) the hybridoma cell line which produced the 7E11-C5 
antibody; 

b) the 7E11-C5 antibody per se; 

c) a similar antibody which recognized the prostate 
carcinoma associated antigen; and 

d) a nucleic acid encoding the prostate carcinoma 
associated antigen . 

5) Feng et al . does not describe properties of the 7E11-C5 
prostate carcinoma antigen or any procedure that would have 



Applicants: Ron S. Israeli et al . 

Serial No.: 08/470,735 
Filed : June 6, 1995 

Page 9 

enabled one skilled in the art to obtain purified 7E11-C5 
prostate carcinoma antigen without the use of a specific 
antibody such as the 7E11-C5 antibody. 

6) Feng et al . did not enable one skilled in the art to obtain 
purified 7E11-C5 prostate carcinoma antigen. 

7) Feng et al . did not enable one skilled in the art to make 
the 7E11-C5 antibody per se or a similar antibody. 

The Examiner has rejected the claims as anticipated by Feng et 
al . It appears that the Examiner is alleging that Feng et al 
describes the 7E11-C5 antigen and antibody such that this 
reference anticipates the claimed invention. Applicants 
respectfully submit that Feng et al does not anticipate the 
claimed invention . 

Neither the 7E11-C5 antibody nor the hybridoma cell line which 
produces this antibody were in public use 

Applicants respectfully submit that neither the 7E11-C5 antibody 
nor the hybridoma cell line which produces this antibody were in 
public use. The Federal Circuit has clearly established that 
"public use" includes a use of the invention by some person other 
than the inventor who is under no limitation, restriction, or 

obligation of secrecy to the inventor. See Petrol ite Corporation 

V. Baker Hughes Incorporated . 96 F.3d 1423 (Fed Cir 1996). 
Emphasis added. 

Horoszewicz establishes that the only persons who had the 7E11-C5 
antibody or hybridoma cell line were employees or agents of 
Cytogen, or those who received them under an agreement from 
Cytogen restricting their use. 

Rodwell establishes that Cytogen received the hybridoma pursuant 
to an exclusive license agreement, and that the only entity to 
whom they distributed the antibody was Eastern Virginia Medical 
School who received it pursuant to a restrictive agreement. 
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Accordingly, prior to applicants' effective filing date, the only 
persons or entities who had the antibody and/or hybridoma were 
(1) Horosewicz, the inventor; (2) Cytogen, who received it 
pursuant to an exclusive license agreement; and (3) Eastern 
Virginia Medical School, who signed a restrictive agreement. 
Accordingly, applicants contend that neither the 7E11-C5 antibody 
nor the hybridoma cell line were publicly available prior to 
their effective filing date, i.e. November 5, 1992. 



Feng et al is not enabling to make the antibody 

Applicants respectfully submit that Feng et al does not 
anticipate applicants' claimed invention. The standard in 
determining whether an invention is anticipated by a reference 
is whether the reference contains an enabling disclosure. See In 
re Hoeksema . 399 F.2d 269 (CCPA 1968). 

Kaladas 2 establishes that the description in Feng et al would 
not have enabled one skilled in the art to make the 7E11-C5 
antibody per se. Kaladas 2 further establishes that Feng et al 
would not have enabled one skilled in the art to make an antibody 
having the properties of the 7E11-C5 antibody because one would 
need purified 7E11-C5 prostate carcinoma associated antigen. 
However, to obtain purified 7E11-C5 prostate carcinoma associated 
antigen, one would need one of the following: 

1) an antibody such as the 7E11-C5 antibody. However, 
this antibody was not available to the public. See the 
Kaladas 2, Horosewicz and Rodwell declarations, and 
supra pages 9-10; 

2) a hybridoma cell line such as the one which produces 
the 7E11-C5 antibody. However, the 7E11-C5 hybridoma 
cell line was not publicly available. See the Kaladas 
2, Horosewicz arid Rodwell declarations, and supra 
pages 9-10; or 
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3) a nucleic acid encoding the 7E11-C5 prostate carcinoma 
associated antigen. However, such nucleic acid was not 
publicly available. See Kaladas 2 declaration. 

Kaladas 2 further establishes that Feng et al does not describe 
properties of the antigen or any procedure that would have 
enabled one skilled in the art to obtain purified 7E11-C5 
prostate carcinoma associated antigen without the use of a 
specific antibody such as the 7E11-C5 antibody. However, neither 
the 7E11-C5 antibody per se nor a similar antibody were publicly 
available. See Kaladas 2, Horosewicz and Rodwell declarations. 
Accordingly, Kaladas 2 establishes that Feng et al would not have 
enabled one skilled in to obtain purified 7E11-C5 prostate 
carcinoma antigen. And therefore, Feng et al would not have 
enabled one skilled in the art to make the 7E11-C5 antibody per 
se or a similar antibody. Accordingly, Feng et al is not enabling 
to make the antibody and therefore, does not anticipate 
applicants' claimed invention and should be removed as a 
reference . 

Applicants contend that the above remarks establishes that Feng 
et al does not anticipate applicants claimed invention and 
therefore should be removed as a reference. Applicants 
respectfully request that the Examiner reconsider and withdraw 
this ground of rejection. 

Rejection under 3 5 U.S>C. 112, first paragraph 

The Examiner rejected claim 113 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described 
in the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor (s), at the time the 
application was filed, had possession of the claimed invention. 
The Examiner stated that the specification as originally filed 
provides no support for the concept of a genus of antibody which 
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binds to prostate specific membrane antigen other than the known 
7E11-C5 monoclonal antibody. The Examiner stated that any- 
negative limitation or exclusionary proviso must have basis in 
the original disclosure, and cited Ex parte Graselli , 231 USPQ 

393 (Bd. Pat. App . 1983) aff»d mem., 738F. 2d 453 (Fed Cir. 
1984} . 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have hereinabove canceled claim 113 without prejudice 
to their right to pursue the subject matter of this claim in a 
later-filed application. Applicants contend that this amendment 
obviates the above rejection and respectfully request that the 
Examiner reconsider and withdraw this ground of rejection. 

Supplemental Infonaation Disclosure Statement 

In accordance with their duty of disclosure under 37 CF.R. §1.56 
applicants would like to direct the Examiner's attention to the 
following references which are listed on the attached Form PTO- 
14 4 9 (Exhibit B) and attached hereto as Exhibits 1-2: 



1. Kay et al., U.S. Patent 5,852,167, issued December 22, 1998 
(Exhibit 1) . 

2. Wright et al., U.S. Patent 5,153,118, issued October 6, 
1992 (Exhibit 2) ; and 

Summary 

In view of the foregoing remarks, applicants respectfully request 
that the above grounds of rejection and objection be reconsidered 
and withdrawn and earnestly solicit allowance of the now pending 
claims . 

If a telephone interview would be of assistance in advancing 
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prosecution of the subject application, applicants* undersigned 
attorney invites the Examiner to telephone at the number provided 
below. 

No fee, other then the enclosed $604.00 fee which includes the 
$435.00 fee for a three month extension of time and the $169.00 
for additional claims, is deemed necessary in connection with the 
filing of this Amendment. However, if any additional fee is 
required, authorization is hereby given to charge the amount of 
any such fee to Deposit Account No. 03-3125. 



Respectfully submitted. 



I hereby certify that this correspondence 
is being deposited this date with the U.S. 
Postal Service with sufficient postage as 
first class mail in an envelope addressed 
to: Assistant Commissioner for Patents, 
Washington, D.C. 20231. 



John P. White 



Date 



^ R^g. No. 28,678 




Johfi P. White 
RegWtration No. 28,678 
Attorney for Applicant (s) 
Cooper & Dunham, LLP 
1185 Avenue of the Americas 
New York, New York 10 03 6 
(212) 278-0400 
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Expression of Prostate-Specific Membrane 
Antigen in Normal, Benign, and Malignant 
Prostate Tissues 
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Prostate-spedfic membrane antigen (PSMA) U a trans- 
membrane glycoprotein rccognixed by the murine rnono- 
donaJ antibody (MAb) 7EI l-CSJ both in its native (CTT- 
351) and immunoconjugate form (CYT.3S6)- P^^'<>« 
studies have shown that tissue expression of PSMA is 
highly restricted to prostate tissues. In this study, a dcfin- 
idve immunohistochemistry evaluation was perfomved to 
assess PSMA expression in prostate tissues. A stain ind« 
was est3d>lished by multiplying the percentage of stained 
cells by the intensity of the stained cells to provide a quan- 
dtative measurement of PSMA expression in the various 
tissue types. The cellular location of PSMA, its correlation 
with clinical status, and its comparison with tfie expression 
of prostate-specific antigen (PSA) were evaluated. Pros- 
tate-specific membrane antigen was found to be highly 
expressed in most of the normal intraepithelial neoplasia, 
and the primary and metastatic prostate tumor speanriens 
evaluated. In contrast to PSA, PSMA expression was often 
heterogeneous with variable staining patterns,- ranging 
from a low-level diffuse cytoplasmic staining in normal 
prostate epithelium to very intense cytoplasmic and foc^ 
membrane staining in high-grade primary caronomas and 
metastatic tissues. The predominant cytoplasmic stoming 
was expected because the antigenic epitope <'*J**^*'^^ 
transmembrane glycoprotein recognized by MAb 7EII- 
CS J U located in the cytoplasmic domain. Benign prostate 
tumors, ie. hypertrophy, showed the lowest expression of 
PSMA with a stain index of 51. compared with stain in- 
dexes of M6 and 258 for normal prostate and bone met- 
astatic tissues, respectively. The reasort for the apparent 
down-regulation of PSMA in benign prostate tissue is un- 
tcnown but may be related to a splicing variant 
translational mo<^ification of PSMA. Expression of PSMA 
was obsenred to increase with increasing pathologic grade, 
but not with clinical stage. Although PSMA was overex- 
pressed in pooriy differentiated and metastatic prostate 
tumors, expression in the primary tumor aid not correlate 
with nodal status, extracapsular penetration, or seminal 
vesicle invasion: These results suggest that PSMA is not a 
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useful biomarker of disease progression; however, hi^ 
expression does appear to be associated with the more 
aggressive prostate carcinoma phenotype. The restricted 
specificity, differential prostate tissue expression, and 
overexpression of PSMA in metastatic tissues support the 
continued study of this unique prostate tumor-associated 
biomarker for develdping new strategies for diagnosis and 
therapy of prostate cancer. (Urol Oncol 1 9$S;l:l^28) 

Prostate cancer is the most common (noncutaneous) 
cancer diagnosed in the Ainerican male and is steadily 
increasing, not only zs a result of an increasing popu- 
lation of older men, but also because of greater awareness of 
the disease and earlier diagnosis using tumor markers such 
as prostate-spedfic antigen CPSA).U is projected mat 200.000 
men were diagnosed with prostate cancer in 1994/ represent- 
ing a 34% increase in the number of prostate cancer cases 
(165,000) diagnosed in 1993. If the 1994 estimate is accurate, 
•prostate caincer will become the most commonly diagnosed 
cancer, exceeding breast cancer (183.000) by 27,000 cases. 
More than 38,000 men are expected to die of prostate cancer 
in 1994, making deaths from prostate cancer second only to 
lung cancer deaths. Patients diagnosed with localized dise^ 
have far better sunnval rates than patients diagnosed with 
metastatic disease. Early detection of localized prostate can- 
cer and "impiwed treatment of metastatic disease are impor- 
tant strategics to reduce prostate cancer, deaths. 

Altiiough serum PSA measurements have had a major im- 
pact on tiie diagnosis and management of prostate cancer, 
PSA IS far from being tiie ideal cancer marker. Twenty-Gve 
percent of patients with benign prostatic hypertrophy (BPH) 
present witii elevated levels of PSA, approximatiely 30% of 
prosUte cancer patients present witii normal PSA values, and 
' PSA expression is unable to differentiate biologically active 
from inactive cancers-These statistics suggest ttxat otiier din-- ^ 
ical markers are needed to improve early diagnosis, to iden- 
tify aggressive tumors, and to devdop new ttierapeutic strat- 
egies. A new prosUte marker, prostate-specific membrane 
antigen (PSMA), may meet one or more of these objectives. 
Prostate-specific membrane antigen appears to be a trans- 
membrane glycoprotein with a major Mr 100,000 compo- 
nent*^ recognized by monoclonal antibody (MAb) 7E11- 
C33 ' Recently, the cONA encoding PSMA was cloned, and the 
deduced amino acid sequence revealed a novel polypeptide 
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- riinirai trials using MAb 7EU-CS3 conjugaied to 
^'T'^^'A^^^^X^^^^ diagnostic imaging and 
"k''*' lesJ,^vSy-'' Previous reports*'"^ »«ve shown 
therapy, respectively. r«tricted to prostate tissues, 

that PSMA expression .^'f^y^'^^^^^lLues appeared. * 
and that the expression "^^^'^P'^^^ to^.Tl,«^^^ 
to be less than that m malignant P?=^«;^.ncity ol PSMA 
,^.p.Horn.^nnian.yto^e^^^^ 

presented. In this report we P^^^ * ^^fj^j;^ j p Jtate, 
S, me dilferentiai S.riW 
BPH. prostate '"'--P'^tt^ffi tS'.^d *e relation 
metastatic prostate <^"°™^^i7S«^ros^^^ dis- 
o( PSMA expression to tumor grade and exirap 

ease. 



Materials and Methods 



were 

obtained (rom the v.rg«ua r™»-^-~-" ^^^5 

Normal prostate ^^^^1^^^,^^^ lifese tissues 
yea« with "°^*»^SvtSS^dS^ur5 alter death, 
wereobtoinedbyautoFwy.u^aUj vnnu university of 

zz:^^i ill --"^jSortiSc^btSs 

p,cs of nonnal. BPH, and P'^*!^' "^^^^J^Sded in OCT 

r;i^rn'»^»~----^^^ 

liquid nitxogen. 

SIfw^?,3u2dTrSS^.^^^^^^ 

^ seminal plasma and affiru^ punFied from ascites. Ipi 

lowing our published protocols. 



From mis point on. both frozen and parairin-embedded sec- 
tions were treated in the same manner. Nonspecific bin«fing 
w« blocked by incubaUon with 10% normal horse serum for 

in ™in..fP< (ollowed by a 30-minute Incubation wiU\ ttxe pn- 

l^ant^^yeTtS^^ 

Xiin: ^tJi^tion with the biotinylated seconda^r «ti- 
body and then the ABC complex. -Rie optimal concenUations 
^L^tibodies (20 ,^mL lor MAb 7Ell-C3:J and 2 ngtoL 
or were predetermined by titrating the MAbs on nor- 

SirBPH ^d prostate carcinoma tissues, These concentia- 
^^m^t ^^antibody tot were used for e^uati^ 

me specimens m this shidy. Alter ^'^^^^^^^^^ 
mogSTsubstrale 33'-<liaininoben2idine tetrahydrocWor^ 
SL l^ub. MO), the sections were counterstaimxl v^^ 
mS^s hemtoiylin and mounted in aqua mount (L*arn«r 
tStori^Sburgh. PA). Antigen expression was scored 
^"cS^bnfftti^t^eoI ceils positive in a^ 
SLun obiertive views sufOdent to cover aU areas of fte 
S^sStou Staining intensity was also recorded usmg a 
Se olTnow) 2(moLate). and 3 (high).-nie stained tissue 
Stiot 2« s<ired inde^dentiy by two -v^ugators^ 
tSm me two scores having a dUference of less ttian 19%. A 

SJnTadex was calculated 1^ muitiplying*e 
age PSMA-positive cells by the mean stammg mtensity. 



/mmunoperoxicjase S^/n/n^^ ^ ^^^^^ ^ 

The expression of J^*^.*^^,^ ^ Uie ABC Elite Vecta- 
me avidin-biOtin peroxidase ^y^J^^^^^. ^ described 

Ja^=:^,and^'S^-Krou^^^ 

03% "l"''" briefly dipped in cold acetone, and stored 
were cut at 6 tun. O"*"'. "'PP?". 30 minutes before pro- 
at -20*Cuntilused. orairdned (or 30 m^^^^^ peroxidase 

ceeding wim '^e »Ui'"!"8 '^6 ^ w^^^^^ 
activity was blocked wim 3.0% HjO, in wa 



Results 

Expression of PSMA and PSA in Normal, 
B^ien and Malignant Prostate Tissues. 
^t^ Sig^MAb 7E11^3 was compared wiOt theb c^ 
dTaJSS to PSA using me immunoperoxidase assay on l^ 
!L;tnnalin.ruced.%arafrm.emlH.dded ti«ue se^^^ 
prostate specimens consisting of nonnal P«^„J^*g 
malignant primary and metastatic prostate 
S^mizing'tiirSining ""^tio"*.' 

shown) and paratnnized tissue 5>«°^^J^i"pJ^i^ Se 
Uent gave identical staining p««erns f« MM, 
native and unmunoconjugatt forms of MAb ^l^^*™* 
^ 6f paraffin-embedded tissues «»"t*^,^~"tSv' 
IS-e respective study to evaluate.MAb 7EII-CS3 re^ 
^l^Jn ^.^SSbTnign, PIN, and '^rr^^^>^^ 
^ epititellal celte of all four P«»^^ ^^^SmAtel' 
found to express both the PSMA and PSA 
R^^l-« As expected, nearly aD the prostate speconeiB 
rSJ^reAf^Smtiie exception of the bone marrow mA- 

ranged from 80-98% for all prostate *^^^.j*XSr- 
SSlption of ttie bone metastatic »P~"«S JSJ^S* 
one to 100% of ti« pn«tate tissues 
exception of tiie BPH specimens, in which PSMA 

positive in only 22 of Th« ^^^^^ 

epithelial cells expressing PSMA m tiie PIN *P^'^ ^ 
59%. and in the primary SS 
Wghest expression was found in me ^^"^^^.^"^^l;^ 
(or lymph nodes and 92% for bone metastas«. Of specua 
n ercTt was the observation that the highest percentage 
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PROSTATE TISSUES_ ; 



PS MA 



PSA 



Tissue 



No. positive/ 
no. tested 



Mean % 
positive cells 



No. positive/ 
no. tested 



Normal 
BPH 
PIN 
CaP 

LNmets 
Bone mets 



12/12(100%) 
22/27 (81%) 
21/21 (100%) 
157/165 (95%) 
72/79(91%) 
7/7 (100%) 



77 
29 
59 
53 
72 
92 



12/12(100%) 
27/27(100%) 
21/21(100%) 
161/165(98%) 
74/79(94%) 
4/7(57%) 



Mean % 
p ositive cells 

98 
95 
98 
81 
81 
48 
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(77%) Of cpitherial cells expressing PSMA vras .n the normal 
prostate specimens, and the lowest percentage ol positive 
cells (29%) occurred in the BPH specimens. 

Expression and Cellular Localization of 
PSMA in Prostate Tissues 

We evaluated PSMA expression in prostate tissues further by 
taldng into consideration both the percentage and the stam- 
ing intensity ol prostate epithelial cells. A stain index was 
calculated by multiplying the mean percentage ol cells ex- 
pressing PSMA by the staining intensity (I = low. 2 = mo<J- 
erate:3 = high intensity). With this approach. BPH specimens 
cleariy had the lowest stain index (SI = 52). ie. the lowest 
number ol positive epithelial cells and the lowest stam.ng 
Intensity (Table 2. Figure IE). Both the •»«""»^^ °' fj?'"^*' 
cells and the staining intensity increased in the PIN C|-'S"re 
IC) and the malignant prosUte specimens (Figure 2). with ihc 
highest index (SI = 258) determined lor the bone metastatic 



specimens. Although the normal prostate tissues had a high 
stain index (SI = 146). the staining pattern was quite different 
Irom that of the other tissue spedmens. In these specimeiB. 
PSMA expression was predominanOy diffuse and cgrtoplasrrac 
with low to moderate staining intensiQr (Table 2; Figure IB), 
with an occasional duct or luminal cell showing 
membrane staining. Of all prostate tissues examined, BPH 
demonstrated the greatest anOgenic heterogeneity. In »n- 
trast to normal prostate, few luminal cells expressed PSMA 
and the expression was often focal, with some apical mem- 
brane staining and minimal cytoplasitUc stoimng (Figure 
The PIN lesions had a stain mdex (SI = 130) similar to nonwd 
prostate but showed a more intense, diffuse cytoptemic and 
luminal membrane staining (Figure lG).The Stain indf^CJ 
133) lor PSMA expression in the 165 primary prostate cara- 
nomas evaluated, including all histopathologic grades, vras 
similar to the index lor normal and PIN tissues (Table Z). 
Cellular localization ol PSMA in these tissues rangwJ Irom 
dilliise cytoplasmic staining in the well-differentiated speci- 
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rarcinomas to illuitraw the differential PSMA expression in various tissue types 

FIGU RE 4. .mmunoperoxid^e staining of ^^^./'^'-^HXc oT P~ -P^^^'r- A). C). 

in *. a„« M«cimen. A) a«d B) 'jr"™' fo 4. ^tainiTL, the nor™lrt«nign »kJ welWiHerentiited (arrow,) areas. '«'^P>*«*J«*?« 
stained for PSMA and B) was sta.ned for ^^A- Not. ™n^U O) in the poori, diff erentiated carcinoma areas. Noce .tat 

intense focal and luminal membrane suminj w.th^ome c>^opl^^ 

an tissue areas stained for PSA (B). Original magnification: x 1 00 (A-O). 



TABLE 2 DlFFERE^mAL EXPRESSION OF PROSTATE-SPECIRC MEMBRANE ANTIGEN IN FORMALIN-RXED, 
PARAFnN-EMBEDDED PROSTATE TISSUES 



Tissue 



No- positive/ 
no- tested 



% positive 
cells" 



Intensity* 



Stain 
index** 



PSMA localization^ 



DC 



FC 



F/M 



LE 



Normal 
BPH 
PIN 
CaP 

LN mets 
Bone mets 



12/12(100%) 
22/27 (81%) 
21/21(100%) 
157/165 (95%) 
60/64 (94%) 
7/7(100%) 



77 ti 32 
29 i 29 
59 21 
53 ^ 32 
72 36 
92 10 



1.9 - 033 
1.8 i 0.90 
22 ± 037 . 
2.5 t: 0.66 

2.7 ± 0.92 

2.8 0.40 



146 
52 
130 
133 
194 
258 



4- + 
a. 

-r + 



+ + 
+ + 



+ + 

+ + 

4- + 



+ 



+ 

+ + + 
+ + + 
+ + + 



■ — - ■ - - — 

abbreviations as in Tabic I. 

•Mean = SD. ... , - . . ,„caM ncrcciUaKc of cells slaininR liy (be staininR inlcnsiiy. 



Uro/Onco/ l99S:t:tS-2a 



24 



Wright cc a/ 




staininfi in the moderate (Figure ro *;tTi*^ ob. 



>rithin the <^pUsra (not sho«n> Tlie PSMA^tai^ 
observed in the metastatic tissues was similar to ttiat tortile 
n^^te to hirfi-grade prostate carcinoma specimens (Tig- 
C:?Sl!^to;^er, ttiere was considerable less staining 
heterogeneity in ttie metastatic tissues. , 

PSMA Expression by Tumor Grade 

Table 3 sho^Tthe expression ol PSMA in ttie different pattio- 
Sc g^Sri^e G^a scores of all 165 Pri-^Pf^^-J 
Scinomas were placed into thr« groups rep««e^ 

tt«e general pathologic differentiation 

remartoble, a slight but positive con*i?t«<« ^^MA «^r»- 

JSnwtth tumor grade was observed. The deferential expres- 
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sion oJ PSMA ih low- and high-grade carcinomas was more 
accurately accessed vrtien separate indexes were calculaleo 
tor the tow- and high-grade areas contoined in the same tu- 
mor specimen. Table 4 shows the results oC PSMA expression 
in 22 randomly selected high-grade carcinomas contoming 
local areas of low-grade carcinoma. In all 22 cases, the stam 
index for the high-grade areas (mean SI = 244) was higher 
than that for the low-grade areas (mean SI = 59). Figure 4 
shows the diflercntial staining patterns in three carcinoma 
specimens containing both high- and low.«rade himor areas. 
Strong staining was observed in the poorly differentiated ar- 
eas, often with minimal to no staining of the low-grade areas 
and the nonnalA)enign areas. No correlation was loxindh^ 
tween PSMA expression and clinical or pathologic stage (data 
not shown). 

PSMA Expression in Lymph 
Node Metastases 

The high PSMA expression in metastatic lymph nodes C»5« f ' 
64 positWe nodes. SI - 194; Table 2) suggested that PSMA 



expression in primary cardnomas may represent a biomaricer 
o( metastatic progression. Although the percentage ofrtumor 
cells expressing PSMA often was increased, in the metastatic 
lymph node (Table S). the patient's primary carcinoma did 
not reflect this PSMA activi^. therefore, PSMA stoning in the 
primary tumor was not predictive of nodal status (Table 6). 
Similarly, PSMA expression did not correlate vrtth positive 
margins, extracapsular penetration, or seminal vesicle inva- ■■ 
sion (data not shown). <k>rrespondlngly. PSA expression also 
did not correlate with these pathologic parameters (data not 
shown).' 

Discussion 

Prostate-spedGc membrane antigen is expressed as a prom- 
inent Mr 120JDOO transmembrane glycoprotein in prostate tis- 
sue extracts and seminal plasma.*"* It is detected using the 
mouse MAb 7E11-CS3, produced against a membrane extract 
of LNCaP cens."*^' Immunostaining of normal and malig- 
nant tissues demonstrated that PSMA expression is highly 
restricted to prostate tissues'-" (also Wright GL Jr. Haley C. 



TABLE 5 EXPRESSION OF PROSTATE-SPECfflC MEMBRANE ANHG^^ 

LJd PROsr^sreanc akrgen in the patients primary prostate 

CARCINOMA and LYMPH NODE METASTASIS 



Primary carcinoma 



Patient 



Glcason* 
sum 



Percent cells 



M etastatic lymph nodes 
Percent cells 



PSMA 



PSA 



PSMA 



PSA 



CA2577 
CA1290 
CAS624 
CA4306 
CA2149 
CA2071 
CA9970 
CA1842 
CA5972 
CA6918 
CA449S 
CAS371 
CA8170 
CA1197 
CA1064 
CA6136 
CA1007 
CA1435 
CA1640 
CA1602 
CA4475 
CA1360 
CAISSI 
CAS750 
CA8292 
CA3411 
CA3984 



4 
4 

5 
S 
6 
7 
7 
7 
7 
7 
7 
7 
7 
■7 

r 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 

9 



0 

5 • 
70 
10 
S 
IS 
40 
40 
85 
20 
95 
25 
45 
00 
60 
65 
90 
70 
10 
55 
75 
5 
85 
80 
75. 
30 
70 



90 

40 
100 

95 

90 
100 

95 

10 

98 

100 

100 
10 

100 
95 
85 

100 

100 

100 
40 
90 
100 
100 
90 
100 
90 
35 
100 



10 
20 
5 

75 
0 
45 
95 
75 
98 
100 
100 
S 
90 
100 
65 
40 
80 
100 
95 
95 
100 
5 
75 
100 
25 
25 
90 



25 
70 
5 

100 

95 

95 

95 

25 

93 

90 
100 

30 

SO 

100 

100 

100 
95 
90 
50 
80 

100 
75 
95 
90 
25 
80 
100 



„ -™.l.l«..o«einc tn«mbran« ■allgen: PSA = pro»t«le-»pe«in« •nUseo. 

entUtcd. 



«s poorly dUfer- 



s 
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Beckett ML. unpublished results). Eariy i^""f 
S^tudies slZed that MAb 7E1 1-C53 bound the ^e-^ rm^ 
^ fibers of normal skeletal muscle; however^a 
Sununoconjugate (OT-356) of MAb TEll-CS^ ""^^to^ 
caliie to skeletal muscle.»» Recent studi« m our »»bf^^ 
JK, Feng Q. Beckett MU Wright GL Jr. unpubl«l»d 
5S «nd atSloan*ettering» »«ve shov«. that n«U.« &e 
^ iycoprotein nor the PSMA mBNA could be <Jet«U^ J" 

fcsue exacts of normal skeletal muscle. suggesUng that ft? 

observed immunostalning in skeletal muscle |S wt'^^ly 

^SffiTpurther studies from these >«*<'^'°"« •^jT^.^^'T 
and PSMA (Jroyer et al. unpublished rf^"') " «" 

SS^of nonnal brain, salivary gland, and sn^l 

blottingprocedures.but nottv Snmiunototoch 

S« or formalin^uced tissue sections"* CalsoJWnght^ 
Siublished resuteX -mese results suggest other that PS^ 
Session is below the detection limits of ^ .l'™"*"^'^"^ 
Semistry assay or thatpost-translational mod.r.caUons rn^ 
STraS epitope in these tissues. Previous """"""^^-f^. 
S.emistry stad.es focused on evaluating the ^P^^^'^^jl 
MAb 7EI 1-CSJ3 tissue reactivity.Thc present study P/o^°«^ 
definiave descriptive mrniunohUtochemistry examinadon of 
PSMA expression in normal, benign, and malignant prostate 

*"^unoreactiviJy lor PSMA was detected ^^^^ 
prostate epitheliuin, confirming organ speattc.ty rafter^ 

prostote carcinoma spedfidty of this t"*"^"- ^^'"^ 
of PSMA and PSA m all tissue specimens, w»tfi the e'cqpUon 
of BPH and bone metastases, paralleled each other. 
sion of PSMA in the majority of BPH specimens app^ to 

be both very heterogeneous and do^"'^'*"**''^ T^^^„ 
jLostainl^g results correlate wift ^JJf ^^.^^^ 
that PSMA mRNA levels are low to absent m BPH. 
they are high in both normal and malignant P«f»»»* 

reason lor this^ phenomenon has yet to be 
Recent evidence localtoing the antigenic ^P'^P^^.^fSSS 
by MAb 7En^3 in the cytoplasmic domain o' /^h^^ 
glycoprotein CseeTroyer et al. this issue)" "^^^^^^^J^ 
a splicing variant mvolvlng the N-termmal ammo aad se^ 
y^«Suld be responsible for the low ^MA exp'«s.on m 
SpH tissues. New antibodies to different P^^A «P'^°Pff "^^ 
assist in addressing this question. Further smd.es J* re- 
quired to evaluate this or alternative hypotheses to explam 
the low PSMA expression in BPH tissues. ^ 

■n,e pattemlnd localization of •""•"""°»«*"""S,^'lVt^ 
able lor^ll prosUte tissues examined, with ^oP^^^j;7; 
munoreactivity observed in all prostate «P'**:\''' ^^^^^^ 
contrast to a diffuse cytoplasmic stain.ng. luminal membrane 



staining was found in PIN and primary and metastatic cara- 
noma tissues, with the most prominent membrane staining 
observed m poorly differentiated primary carcinomas and 
metastatic tissues. Based on the calculated sUin indexes. 
PSMA was maricedly overexpressed In the primary tissues 
witii a high Gleason sum and In both metastatic lymph node 
and bone lesioni. However, m contrast to primary tumors, ttw 
metastatic tissues demonstrated less staimng heterogeneity. 
The reason for tiiis apparent up-r«igulation witti more u™tonii 
expression in the metastatic tissues is unknovm.The effect of 
hormones on PSMA expression is currentiy being evaluat^ 
Although PSMA ts an integral transmembrane protein, the 
cytoplasmic staining observed in prostote epiUielium, spe- 
cially m normal prostote tissues and well-differentiated m- 
mors. could be explained by the location of ttie epitope in the 
cytoplasmic domain. Preliminary studies in our laboratory, 
using botii light and electron immunomicroscopy. have deni- 
onstrated intracellular as well as membrane staining m cul- 
tured LNCaP cells.'"* Unmunoelectron microscopy showed 
MAb 7E11-CS.3 localization at ttie internal region of the 
plasma membrane, confirming the mapping of the antigenic 
epitope to tiie intracellular domain. Besides binding at the 
•interrS plasma membrane. MAb TEll-CSB also localized to 
certain cytoplasmic organeUes. Further studies are in prog- 
ress to determine whetiier the cellular localization of PSM\ 
observed m LNCaP cells also occurs in P«»t*^e tissues, m 
aiiy event, strong evidence is presented that PSMA. » 
«*ressed intracellularty 0^ intracellular prgancll«) and at 
the cytoplasmic lace of the plasma membrane of LNCaP cells 
and prostate tissues. .^.tt^ 
•nie observed cytoplasmic s»*«nJnf. J»»i«™.*|I'* ^^TT^^^ 
Oon raise ttie question of how the "Mn-labeled 7EllrCS3 
tamiunoconiugate C'"ln-CYT-356) is able to "»'nage prostate 
cancer in vivo.*^ Epitope-mapping experiments conduct^ 
bur laboratory have yet to demonstrate an epitope recog- 
nized by MAb 7En-C53 In the extracellular domam of the 
PSMA glycoprotein (Jroyer et al. ""P^bl^^ //^"'^^i^ 
stated above, ttie only epitope recognized by MAb 7EU-«J 
Is located in ttie cytoplasmic domain. The sequeiice lor tws 
epitope is not found in ttie extracellular polypeptide r^ioiu It 
fa quite possible.however. that ttie MAb binds to a similar tmt 
lower-affinity epitope expressed in ttie extracellular domato. 
ttiereby explaining successful imaging of ttie prostate <^^- 
Based on ttie amino acid sequence, ttiere are numerous giy- 
cosylation sites available, suggesting ttiat ttie ^^^'^^"T 
oeptide IS heavily glycosylated. II Uiis is tive. ttien glyco^- 
iion may in fact mask ttie binding 6f MAb 7EII-CS3 to tti«e 
epitopes. Furthermore, carbohydrates arc not part of tne 
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epitope recognired by MAb 7E11^3.0nly the linear N-ter- 
minal peptide region is required (or antibody binding. Based 
on these observations, the only mechanism for binding of the 
immunoconjugatc to its antigenic target would be by binding 
to shed antigen in the intercellular spaces or passing through 
the plasma membrane to reach the epitope. The latter may be 
possible it the cells are undergoing apoptosis or necrosis. It is 
entirely possible that the intensely stained focal deposits in 
the cytoplasm of some malignant cells may represent apop- 
tosis. This possibility is currently being explored. We know 
that PSMA is shed into prostatic fluid and is present in sem- 
inal plasma (Troyer et al, unpublished results), but wc have 
not been able to confirm the initial observations^ that PSMA 
is also shed in serum. Further studies will be required to 
elucidate hilly how the '"In-CYT-356 immundconjugate im- 
ages prostate carcinomas. 

Expression of PSMA appeared to correlate with tumor 
grade. When separate stain indexes were calculated for a ran- 
dom cohort of high-grade tumors (SI = 244) containing focal 
areas of low-grade tumor (SI = 59), the marked overexprcs- 
sion of PSMA m the high-grade areas became more deariy 
evident In contrast, 90-100% of all prostate epithelial cells in 
these tissues intensely expressed PSA. In this study, PSMA 
expression did not correlate with pathologic stage. However, 
the majority of tumors examined were stage C disease. Be- 
cause of the marked overexpression observed in poorly dif- 
ferentiated and metastatic prostate tumors., it might be ex- 
pected that PSMA expression would correlate with tlic more 
aggressive and advanced stage D2 tumors. Additional studies 
will be required to determine whether tlus is the case. 

Based on our initial observations of the intense membrane 
expression in the high-grade areas of primary tumors plus the 
overexpression in the metastatic tumor specimens, we pos- 
tulated that this pattern of PSMA expression in the primaiy 
carcinomas would predict metastasis or tumor progressiotu 
However, this was not the case. Evaluation of the nodal status 
of 99 prostate cancer patients failed to show any correlation 
with the expression of PSMA in their primary carcinoma; nor 
was PSMA expression in the primary tumor predictive of ex- 
tracapsular penetration or seminal vesicle invasion. Because 
most of the prostate carcinoma spedmens were from patients 
who had had a radical prostatectomy, no attempt could be. 
made in this series to detemune the effects of radiation and 
hormone deprivation therapy on PSMA expression. However, 
we have noted in preliminaiy studies that hormone ablation 
therapy either has no effect on or up-regulates PSMA expres- 
sion (Grob RM, Haley C, Newhall K, Schellhammcr PF, Wright 
GL Jr. unpublished results). The effect of hormone ablation 
therapy on PSMA expression will be the subject of a separate 
report. 

This study demonstrates the differential expression of 
PSMA in normal, benign, and malignant prostate tissues. The 
unexpectedly low expression in BPH tissues, as compared 
with normal and malignant prostate tissues, deserves further 
evaluation to determine the mechanism for the low expres- 
sion and to exploit this observation as a possible means to 
differentiate BPH from CaP. We found that I^MA was overcx- 
pressed in the poorly differentiated and metastatic tumors. 
Although PSMA expression in the primary tumor was not pre- 
dictive of metasUlic disease, high expression appears to be 



associated with the more aggressive prostate tumor, espe- 
dally for hormone-refractory cancers. Because of the* prom- 
inent intracellular location of the antigenic epitope, a medi- 
anism to explain the clinical success of radiologic imaging 
with CYT-356 remains uncertain. Nevertheless, the restricted 
specificity, differential prostate tissue expression, and over- 
expression of PSMA in metastatic tissues support the contin- 
ued study of this unique prostate tumor-associated bionur- 
ker for developing new strategies for the diagnosis and ther- 
apy of prostate cancer. 



We th*nk Dr. Joseph CuUo for heiphiJ suggestions and Mr»- DUabcth MUlcr*nd 
Ms. Mary Richardson lor typing the manusoript 
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PROSTATE-SPECIFIC MEMBRANE ANTIGEN EXPRESSION 
IS GREATEST IN PROSTATE ADENOCARCINOMA AND 
LYMPH NODE METASTASES 

SUSAN D. SWEAT, ANNA PACELLl, GERALD P. MURPHY, and DAVID G. BOSTWICK 



ABSTRACT 

Objectives. Prostate-specific membrane antigen (PSMA) is an Integral membrane protein highly specific for 
the prostate. PSMA may be clinically useful for predicting outcome in patients with prostate cancer. We 
compared the expression of PSMA in prostate adenocarcinoma and lymph node metastases in a large series 
of patients with node-positive cancer. ^ 

Methods. We studied 232 patients with node-positive adenocarcinoma who underwent bilateral pelvic 
lymphadenectomy and radical retropubic prostatectomy at the Mayo Clinic between 1987 and 1992. 
Immunohistochemistry was performed using monoclonal antibody 7En-5.3 directed against PSMA. For 
each case the percentage of immunoreactive cells in benign prostate tissue, adenocarcinoma, and lymph 
node metastases was estimated in 10% increments. Intensity was recorded using a scale of 0 to 3 (0 = no 
staining, 3 = highest). 

Results Cytoplasmic immunoreactivity for PSMA was observed in all cases in benign epithelium and cancer, 
and most lymph node metastases. The number of cells stained was lowest in benign epithelium; cancer and 
lymph node metastases were similar (46.2% ± 27.5% versus 79.3% ± 18.5% versus 76.4% ± 26.1%. 
respectively; all pairs P < 0.05). Intensity of staining was greatest in primary cancer and lowest in lymph 

node metastases. , . .. ^ . ooo/. 

Conclusions. PSMA is expressed in benign prostatic epithelium and primary cancer in all cases and in 98% 
of cases with lymph node metastases. Expression of PSMA was greatest in primary cancer for both 
percentage and intensity of immunoreactive cells. PSMA expression allows the identification of benign and 
malignant prostatic epithelium and may be a potentially valuable marker in the treatment of patients with 
prostate cancer. UROLOGY 52: 637-640. 1 998. © 1 998, Elsevier Science Inc. All rights reserved. 



Prostate cancer has an unknown etiology, vari- 
able pathology, and an intricate relationship 
with endocrine factors. It has the propensity for 
progression and dedifferentiarion, which further 
adds to the complexity of this disease and limits 
effective therapies.^ In 1998 prostate cancer will 
be diagnosed in an estimated 184,500 men, and 
39,200 will die of this cancer.^ The search for diag- 
nostic and prognostic markers for cancer of the 
prostate is ongoitig. 
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Prostate-specific membrane antigen (PSMA) is a 
transmembrane glycoprotein with both intracellu- 
lar and extracellular domains.^*^ Its function ap-- 
pears to be as a cell-surface peptidase hydrolyzing 
peptides in prostatic fluid and generating gluta- 
mate'^*' and also acts as a folate hydrolase.^-^ It is 
expressed in benign and malignant prostatic epi- 
thelium and can be detected immunohistochemi- 
cally. The antibody used in this study, 7E11-C5.3, 
recognizes the first six N-terminal amino acids of 
the cytoplasmic domain. Because PSMA is an inte- 
gral membrane protein, it is being exploited as a 
target for antibody-directed imaging and therapeu- 
tic targeting modalities.^-^^ 

In this report we describe the expression of 
PSMA in prostatic adenocarcinoma and lymph 
node metastases in a large Series of patients with 
node-positive cancer. 

0090-4295/98/519.00 
PlI 50090-4295(98)00278-7 637 



MATERIAL AND METHODS 

Patients 

We studied select tissue sections from 232 previously un- 
treated patients with prostate adenocarcinoma who under- 
went bilateral pelvic lymphadenectomy and radical retropubic 
prostatectomy at the Mayo Clinic between 1987 and 1992. 
Patients without sufficient cancer tissue available for analysis 
were excluded. The retrieval of "tTSue and processing have 
been previously described, In brief, specimens were ob- 
tained during radical retropubic prosutectomy and pelvic 
lymphadenectomy. Each was evaluated by frozen section at 
the time of surgery and on permanent sections. Each prostate 
was weighed, measured, and inked. Shave margins were ob- 
tained from the apex and base. The remaining prostate was 
serially sectioned at 4 to 5-mm intervals perpendicular to the 
long axis of the gland from the apex to the tip of the seminal 
vesicles. All cases were fixed in neutral buffered formalin over- 
night and processed routinely to paraffin. 

IMMVNOHISTOCHEMICAL STUDIES 

Mouse monoclonal antibody 7E1 1-5.3 (Cytogen Corp., 
Princeton, NJ) directed against PSMA was used, as previously 
described. ^5 The immunohistochemical technique included 
sequential application of diluted primary antibody (PSMA; 20 
^ig/ml) for 60 minutes, biotinylaied goat anti-mouse immuno- 
globuhn (lg)G and goat anti-rabbit IgG (1:400, Dako Corp., 
Santa Barbara, CaliO for 30 minutes, and peroxidase-labeled 
strcpiavidin (1:500, Dako Corp.) for 30 minutes. Immunore- 
activity was visualized by incubation of sections with 3-amin- 
oethylcarbazole in the presence of hydrogen peroxide. Sec- 
lions were counterstaincd with light hematoxylin and 
mounted with a coversUp. No enzyme pretreaiment was used, 
and microwave antigen retrieval was not necessary (data not 
shown). Posiuve and negative controls were run in parallel 
with each batch and gave appropriate results. 

The extent and intensity of staining for this antibody were 
evaluated in benign prostatic tissue, primary cancer, and 
lymph node metastases by two of the authors (D.G.B. and 
A.P.). The percenuge of cells exhibiting staining in each case 
was estimated in 10% increments. Also, a numerical intensity 
score between 0 and 3 v/^s assigned to each using the follow- 
ing criteria: 0 = no staining; 1 = weak equivocal staining; 2 = 
unequivocal moderate suining; 3 = strong staining. Only cells 
showing an intensity of staining greater than 1 were consid- 
ered positive. In most cases, the staining was unequivocal. 

Statistical Studies 

Spearman's rank correlations were used to compare the 
mean percentage of immunoreactive cells for benign epithe- 
lium, primary cancer, and lymph node metastases. The signif- 
icance level was 0.05. 

RESULTS 

Cytoplasmic immunoreactivity for PSMA was 
noted in 100% of cases of benign epithelium and 
primary cancer and in 98% of lymph node metas- 
tases (Fig. 1). Staining was often patchy and heter- 
ogeneous. The mean number of cells staining in 
benign epithelium was 46.2%, which was lower 
than both cancer and lymph node metastases 
(79.3% and 76.4%, respectively) (Fig. 2). Each 
pair, benign versus cancer and cancer versus 
lymph node metastases, reached statistical signifi- 
cance (0.0016 and <0.0001, respectively). No 



staining was observed in urothelium, stroma, or 
endothelium (Fig. 1). 

Adenocarcinoma showed more intense staining 
than benign epithelium. Lymph node metastases 
displayed the least intensity of staining (Fig. 3). 

COMMENT 

We determined the expression of PSMA in a 
large series of node-positive prostatic adenocarci- 
nomas and found PSMA in 100% of cases of benign 
epithelium and primary cancer and 98% of lymph 
node metastases. 

This study confirms other studies of PSMA ex- 
pression with minor differences (Table I).^-^^^^ 
Horoszewicz et al.,^ the first to describe monoclo- 
nal antibody recognition of PSMA in 1987, identi- 
fied immunoreactivity in 9 of 9 prostate cancers 
and 2 of 2 lymph node metastases. Two other stud- 
ies found PSMA immunoreactivity in the majority 
of primary cancers and lymph node metastases. ^^-^^ 
It is difficult to compare our study with other stud- 
ies that included patients previously treated with 
androgen deprivation therapy or radiation.^^ 
PSMA expression is unchanged or increased after 
androgen deprivation therapy in primary cancer 
and lymph node metastases. 

PSMA expression is found in normal and malig- 
nant nonprostatic tissues. "•i^ One study reported 
PSMA expression in a subset of proximal renal tu- 
bules, duodenal and colonic mucosa, as well as 
benign and malignant prostate, and lymph node 
and bone metastases. This study also described in- 
tense staining in capillary endothelial cells,^^ al- 
though we did not confirm this finding in the cur- 
rent study or our previous report." PSMA 
expression was also found in brain and salivary 
gland. 1^ 

PSMA, as a marker for prostatic epithelium, has 
many potential therapeutic applications. An im- 
munoconjugate of 7E11-C5.3 termed CYT-356 
can be radiolabeled and used to detect lymph node 
(greater than 5 mm) and bone metastases.^° CYT- 
356 labeled with ^^^indium (ProstaScint; Cytogen 
Corp.) predicts extra-prostatic cancer in pelvic 
lymph nodes." One study described 152 patients 
with clinically localized cancer who were at high 
risk for lymph node metastases. Sixty-four patients 
had histologic evidence of metastases, and 40 of 
these were detected by the scan (sensitivity of 
63%). Twenty-five patients who had positive 
lymph nodes on scan had lymph nodes free of can- 
cer on histologic evaluation (false positives). At 
follow-up, 14 of 21 patients developed recurrent 
cancer." Currently, there are two indications for 
use of ProstaScint. The first group is patients who 
are candidates for raciical prostatectomy with high 
probability of metastatic cancer. Second, Prosta- 
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BGURE 2. Mean percent cells staining for PSMA. 

Scint is used lo localize foci of prostate cancer sug- 
eesied by an increasing serum prostate-specihc an- 
Fieen after prostatectomy.^^ Future treatments may 
include eradicating metastatic deposits by labehng 
with cytotoxic agents.s.^ 

The PSMA epitope detected by monoclonal anti- 
body 7E1 1-C5 was initially thought to be intracel- 
lular and only accessible in devitalized cells under- .. 

gofng apoptosis or r^^^^ " "^^^H 7^^^^^^^ 
study reported that fluorescently labeled 7E11-C5 



FIGURE 3. Mean intensity of cells staining for PSMA, 

specifically binds to PSMA in viable prostate cancer 
celb,6 providing laboratory justification for the m 

vivo imaging, ^ . «7 ^^^^ 

Serum PSMA can be detected using Western 
blot 1^ The normal range in healthy mdmdu- 
als between 35 and 55 years of age is 0.14 to 0.22 
(relative intensity levels).^^ PSMA serum concen- 
tration was higher in patients with disseminated 
cancer (N + ,M+) than in those with localized can- 
cer (T2, T3)."-^** PSMA concentration may be ele- 



TABLE I. PSMA expression in benign and 
malignant prostate 



Benign 
Epithelium PIN 
(%) (%) 



Lymph 
Node 
Cancer Metastases 
(%) (%) 



Horoszewicz et aL ' 
Silver et oU'^* 
Wrighteto/je 
Bostwick er 
Current study 



71 

81 100 

100 100 

100 — 



100" 
94 
95 
100 
100 



100 
88 
94 



98 



Kek PrN = prostatic intraepithelial neoplasia. . 
* Study included patients treated with androgen depriyctum or radiation. 



vated after treatment, probably reflecting clinical 
progression or the presence of hormone-resistant 
cells.^'^^-^^ Serum PSMA accurately predicts the 
stage of prostate cancer or local, regional, or dis- 
tant metastases in some patients, as shown by the 
ProstaScint scan.^^ 

In summary, we found consistent PSMA immu- 
noreactivity in benign epithelium, primary pros- 
tate cancer, and lymph node metastases, with ex- 
pression highest in cancer and lymph node 
metastases. 
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